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TUTORIAL OUTLINE

|. Introduction

ll. Linear actuator modeling

[I.1 Geometric description
[1.2 Mesh description

[I.3 Physical description
[1.4 Solving process

[I.5 Result analysis

l1l. Conclusion
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l. INTRODUCTION
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INTRODUCTION - TO START

* Download the wished package:

» Unzip the package

PACKAGE CONTENTS

+ to follow the example step by step, the corresponding files are in “[Tutorial_name]_StepByStep” folder containing:
* Input folder: contains initial *.slb databases / other files needed to be able to play manually the tutorial by

following the step by step document
» Output folder: empty (contains the obtained results after to play the tutorial)
» Tutorial folder: contains the document describing the example step by step

+ to play the tutorial by scripts, the corresponding files are in “[Tutorial_name]_ PlayScripts” folder containing:
* Input folder: contains initial *.slb databases an other files needed to be able to run scripts of the tutorial

* Output folder: empty (contains the obtained results after to play scripts of the tutorial)
» ScriptsTutorial folder: contains script files to be able to play each analysis

J\ ALTAIR
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INTRODUCTION

 Linear actuator — example from Flux 3D

» The studied device is obtained from an import, it is a linear actuator with a coil, a mobile and a
fixed part.

Mobile -------------

Coil -~

5 /\ ALTAIR
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INTRODUCTION - LINEAR ACTUATOR MODELING WORKFLOW

¥ SAHYG KRV IE ZF g O

Import CAD Break Mesh Controls ~ Surface Mesh Tet Mesh Edit Solution Symmetry Periodicity Infinite Box Material Coil Conductor Magnet otion Solve 2DPlot Iso Surface XY Plot Solver Help
Orientation

Geometry and Mesh Analysis Results Help

Create a MS3D solution Create and mesh infinite box
Import a CAD file Create and assign material
Break bodies (for symmetry) Create coil conductor
Create surface mesh Create motion

Create volume mesh Solve the project

Assign bodies to the solution Postprocess the results 1

Create symmetry

6 "More postprocessing features for electromagnetic analysis are under development. A ALTAIR
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ACTIVATING UNIT SYSTEM

* |n SimLab:

 Activate mandatorily the unit system before creating a 3D magnetostatic solution

In the bottom right corner in SimLab:
1 Check that the Units: MMKS
(mm kg N C s) is activated

KLX
A { ) d

FullRYBDE

DataBase1

Selection fiter - Body Count - 0 | MMKS rmkg NCs)  Units ‘l@
7

7 /\ ALTAIR
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CREATING 3D MAGNETOSTATIC SOLUTION

+ Create a solution "@ u ﬂ s w W 6 E; @
- Electromagnetics / 3D Magnetostatic .. .. ey b o

ro- Ou| roni
agnetic ution
Home Physics Applications
SOIUt'On Assembly Browser Q x 3
, B |®T ) ¢ @
# '0' Models 5 R -
M =/ é p
Transient AC M M i i Electric
mm o

Parasitics AC Supplied
Conduction Extraction Conductors

1 Click on the [Solutions] menu
2 C|ICk on the [E|ectr0magnetICS] Create Solution ::::::iiciciiiiiiiiiniiiiiniiiiis & @ X
button Name Magnetostatic
Solver Flux A4
3 Click on the [magnetostatic] Solution type Magnetostatics v
bUtton Domain Parameters:
In the Create Solution window: ?"m‘:"f ) [E0 m‘:4)
. . Jepth of domain 30
4 In the Domain field, select ’
[3D]

e
In the Create Solution window:

Click on the [OK] button

()]

/\ ALTAIR
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1.1 GEOMETRIC DESCRIPTION

2\ ALTAIR



IMPORTING CAD FILE

* Import the CAD file "LinearActuator.xmt_txt"

+ Keeping the default values

Click on Import Cad Files
Files = Import > CAD

In the Import File window:
2 Select the
[LinearActuator.xmt_txt] file

In the Import File window:

Click on the [Open] button

In the Import Parasolid window:

Click on the [OK] button

D

11

File
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View Solutions Sketch Geomefry Mesh Analysis Results Advance
New Import
Database
Ope SimLab, HM, Inspire
Open Recent * | Discrete Models

STL, VRML, I-DEAS, Facet Geom..

OptiStruct, Abaqus, Nastran, Permas. .

Import >

[
Compare Database » || Import CAD files

Duplicate Database

Export » Results
H3d, Nastran, Abaqus, Permas.__
Save Specifications
Save As. Mesh, LBC, Sets, Optimization, Groups...
Sketch
Catalog Sketch
A Import File *
Import Parasolid  @iiiiiiil O X
“ v > This PC » Documents v | B J2 Search Evelyne Body Type:
Organize + New folder =~ m @ g
A
A ] .
& OreDrive Marre Date rmodified Type Size Wire
) 10/15/2021 5:50 P KT TT File Connected body
3 This pC
O
8 30 Objects piions
Facets

[ Desktop P
Documents Imprint solid bodies
B Downloads Assembly structure
D Music Save geometry in database
[&] Pictures Use lighter data structure
B Videos Add to existing model
#E Querdmarra Y v Mass properties

File name: | Lineardictuatorxmt txt

v| CAD Models (“x_t*omb et *x v

m‘

J\ ALTAIR
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IMPORTING CAD FILE

* The "LinearActuator.xmt_txt" CAD file is imported:

To the left of the graphic window, in the
Assembly Browser, 1st tab Assembly:
Assembly Browser a X

Name
= i Assembly
= (ﬁ LinearActuatorxmt_txt .
& Supvor Mobile
& Coi
& Mobile

Coil -~

S J\ ALTAIR
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CREATING SYMMET

Y BREAKING BODIES

Q/\,zz.mq@%@aoﬁ

rint Create SMPM Replac:

* In the aim of defining a symmetry

* Break all the bodies

Step |  Acion Break Body :1:iiiifiiiiiiiiiniiiiniiiiii @ X

Plane Define/Modify Plane...
1-2 Ip [Geometry] menu Cylinder Io — @
Click on [Break] button Box o
Polygon || Combine as connected body
In the Break Body window: Cone et xizees
3 Click on the [Define/Modify e e i CeE

Plane] button

Apply OK Cancel

13 /\ ALTAIR
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CREATING SYMMETRY: BREAKING BODIES

14

Break all the bodies

* Along the YZ plane

In the Define Plane window:

Select [YZ plane]

In the Define Plane window:

Click on the [OK] button

Select all the bodies

In the Break Body window:
Click on the [OK] button

Break Body

Plane

Cylinder

Box

Polygan

Cone

Define/Modify Plane.
© Break bodies
| Combine as connected body
Break faces

Create sheet body from cut section

B=TizlETs  585535885358885 5508553685 556885368385383

Fit to model

Define Plane:
XY plane

3nodes

Planarface Face group e
Transfom
© Translate
To node Arc center To vertex
© Distance
Distance 0mm
Rotate
Define Avis.
Angle Odeg

Reverse Plane Nomal

¥ Create Muttiple Planes:

¥ Tnm

J\ ALTAIR
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CREATING SYMMETRY: BREAKING BODIES

* Break all the bodies

« Each body is cut into 2 bodies:

To the left of the graphic window, in the
Assembly Browser, 1st tab Assembly:
Assembly Browser qQ X

Name
= & Assembly
= (ﬁ' LinearActuator xmt_tet

‘ Support
‘ Support_1
& Coi
& Coil_1
& Wobie

& Wobils_1

15 » J\ ALTAIR
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CREATING SYMMETRY: DELETING USELESS BODIES

* Delete half of the bodies

In the bottom left corner of the

1 graphic window:
Click on
In the bottom left corner of the
2 graphic window:

Click on ﬂ

Select the bodies that are at
3 the right of the YZ symmetry
plane

% Note: It is possible to move the device with the
middle-click and moving the mouse to position the
device as you want.

16 /\ ALTAIR




CREATING SYMMETRY: DELETING USELESS BODIES

* Delete half of the bodies

Right-click in the graphic
1 window and select the
[Delete] contextual menu

In the Delete Entities window:

2 Click on the [Yes] button

17

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Redisplay Body

Edit Associated
Select Associated

Delete Entities  =iiiiiiiiiiiiiiiiiiiioiiiniiiiiinil
Do you want to delete the selected entities?

["]: Do not post this message in the future

Yes 2 No

2\ ALTAIR




© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

CREATING SYMMETRY: DELETING USELESS BODIES

* Delete half of the bodies L e xﬂgu:)j & & 9 4|
Itﬁjaca '

 Visualize the remaining bodies in the initial XYZ view ... =

mm To the left of the graphic window, in the

In the bottom left corner of the Assembly Browser, 1st tab Assembly:

1 graphic window: Assembly Browser a x
Click on o y—
= @ LinearActuator xmt_te
In the bottom left corner of the & Suppon_1
2 graphic window: @ col
& Wobile_1

Click on 5&5

[&]x & & @ -

18 J\ ALTAIR
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1.2 MESH DESCRIPTION

2\ ALTAIR
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MESHING FACES

& Note: There is no need to define a specific mesh on particular areas,
so there is no need to use the [Mesh Controls] button.
* Mesh all the body faces

« With 1st order triangular mesh elements and an element size of 1 mm

m“ File View Solutions Sketch Geomet 0 Results  Advan Automation

~ ©

@@ €
1-2 In [Mesh] menu ‘ > =

A
v

G

CI|Ck on [Sur‘face Mesh] button Files Measure Move Mesh Controls Surface Mesh Re-mesh Grid Mesh Motor Mesh
Home Controls 2D Mesh

3 SeleCt a" the bOdieS Surface Mesh  CiiiiiiiiiiiiiiiiiIIIIIIIIIIIInY
4 In the Surface Mesh window: [seiect bocies orfaces

In Element Type, select [Tri3] E

In the Surface Mesh window: s
5 In the Average element size field, o 5
enter 1 mm © Average element size

) Maximum element size

Minimum element size

Warning:  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin

In the Surface Mesh window:

Grade factor
6 CI ick on the [O K] b utto n e E’:maun;.:lﬁi:g:rgre“ﬁu\gi_\l modify some of the input CAD bodies
Maximum angle per element e )
7 In the Warning window: Curvature minimum element size || Do net post this message in the future:
Click on the [Yes] button B =7

Identify features and mesh on CAD body
Create matching mesh (Parasolid)

Advanced Cptions

20 @ .
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MESHING FACES

A .gda model has been created:
To the left of the graphic window, in the

 All the body faces are meshed: Assembly Browser, 1st tab Assembly:
Assembly Browser Q X
Name
= &5 Assembly
= @ LinearActuator!_SM.gda
@ Support_1
& Coi_1
&9 Mabile_1
2 i LinearActuator xmt_txt
& Support_1
A & coi
% & Wobilz_1

Pt
7
£
AV

i
4%

[
-l

YA b

Ry
Y k)
e, AV AVAV

K

ly,

RS

L T
PAVAVAVAVATAT

Lo

[&]x (& /@ @

@) This icon corresponds to a surface mesh

J\ ALTAIR
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MESHING VOLUMES

& @ £IN® g

25D
Files Measure Move Mesh Controls
Home Controls

* Mesh all the body volumes

Results Advanced Inspect Automation

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

&G
Qv |

IIPL e-v D

Surface Mesh Re-mesh Grid Mesh Motor Mesh Edges Intersection  Quality Check Nodes By Element Create Elements
Tet Mesh
2D Mesh Verify Modify —,

* With 1st order tetrahedral mesh elements and an element size of 1 mm

In [Mesh] menu
Click on [Tet Mesh] button

3 Select all the bodies

1-2

In the Tet Mesh window:
In Element Type, select [TET4]

o

In the Tet Mesh window:
5 In the Average element size
field, enter 1 mm

6 In the Tet Mesh window:
Click on the [OK] button

22

TETI0 sm@

TET10 curved edge

Mesh Size:
Average element size

S¥ali

Maximum element size

=
Intemal grading ﬁ%

il

Quity: ]

Maximum value

Minimum value Quality 1
0.1]|Stretch - 7

,.
N

Q‘i‘

Identify features and mesh on CAD body

Create matching mesh (Parasolid]

Advanced Options

Surface mesh parameters for CAD input: %

= @

/\ ALTAIR
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MESHING VOLUMES

* Visualize the volume mesh inside the bodies

+ All the body volumes are meshed:

 step | Action ___ IESSEFEN BT ()

DataBase1

In the bottom left corner of the

1 graphic window:
Click on 110

2 Click on X

3 Move the cutting plane

23 J\ ALTAIR



MESHING VOLUMES

« Disable the cutting plane

 step | Action ___ IESSEFEN BT ()

In the bottom left corner of the
graphic window:

1
Click on 110

VLY

x

i
il

LA

24
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To the left of the graphic window, in the

Assembly Browser, 1st tab Assembly:
a x

Azzembly Browser

MName
= &y Assembly
= @ LinearActuator1_SM.gda
' Support_1
B coi_1
EP Mobie_1

=] !" LinearActuator xmt _txt
& Support_1
& Coi_1
& Wobile_1

¥

+
A IENIENIC-ZICTNE
EJ This icon corresponds to a volume mesh

/\ ALTAIR
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1.3 PHYSICAL DESCRIPTION

2\ ALTAIR
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EDITING SOLUTION

» Before assigning the meshed bodies to the solution

To the left of the graphic window, in the Solution Browser, 2nd tab Solutions:

Solution Browser 4

Name 9 ¢
v $L Solutions There is empty set & next to Mesh
v % Magnetostatic
%L Type : Magnetostatics
'ﬁv Mesh '@
Mesh Settings
w m Settings
é Solver Settings
g Result Request

Ii) Format and Execute Options

Loads and Constraints

W Results

S/ % R F € F

26 J\ ALTAIR
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EDITING SOLUTION

* Assign all the meshed bodies to the solution

. Name Magnetostatic
1 In SO|UtI0n Browser Solver Flux
Double click on [Magnetostatic] solution ST B

Select CAD/Mesh Bodies [Support_1.Coil_1,Mobile_1
2 Select all the bodies Domain Parameters:
Domain 3D
3 In the Solution window: Depth of domain
Click on the [OK] button
-
Solution Browser x :ﬁ‘g
05
Name g e 9
v YL solutions
vlﬁ Magnetostatic (@
'g‘\l; Type : Magnetostatics
€k Mesh @
Mesh Settings
A a Settings

é Solver Settings
9 Result Request
% Format and Execute Options
¥ Loads and Constrainis
&) Results

27 &/ /R P9/ E 2\ ALTAIR



EDITING SOLUTION

 After assigning the meshed bodies to the solution

28

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

To the left of the graphic window, in the Solution Browser, 2nd tab Solutions:

Solution Browser

Name

v YL solutions

v % Magnetostatic

YL Type : Magnetostatics
'ﬁr Mesh
v m Settings
é Solver Settings
g Result Request
E) Format and Execute Options

Loads and Constraints

& Results

".I

There is no more empty set & next to Mesh

J\ ALTAIR



DEFINING SYMMETRY

File View Solutions Sketch Geometry Mesh

Qe LT @

v
Material

Files Measure Move

Home Property

* Define the YZ symmetry

« Geometrical and physical aspects

In [Analysis] menu

a2 Click on [Symmetry] button

3 Select a face on the symmetry
plane

In the Define Symmetry window:
4 Select [Tangential magnetic
field]

In the Define Symmetry window:

5 Click on the [OK] button

29

S

Edit Solution

Define Symmetry -Iiiiiiiiiiviiiiiiiiiiiiii X
Mame Symmetry_2
Geometrical Aspects of Symmetry:

Symmetry face | 627

Flane: YZ
Cffset type: Translation on nommal direction
Offset 0 mm

Advanced Inspect Auts

M Dé‘gt&”@. @Y =0

Physical Aspects of Symmetry:
Momal magnetic field

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

v v
Coordinate Symmetry Periodicity Infinite Box Magnet Non-Meshed Imposed Sheet Motion Thin Region  Temperature
Coil Current Coil Lamination
Magnetostatic Loads

X
5

LY

/\ ALTAIR
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DEFINING SYMMETRY

* The YZ symmetry is defined:

30

To the left of the graphic window, in the Solution Browser, 2nd tab Solutions:

Solution Browser X

Name [
v YL Solutions
v % Magnetostatic
%L Type : Magnetostatics
'ﬁ Mesh
w m Settings
é Solver Settings
g Result Request
EJ Format and Execute Options
v i.} Loads and Constraints
a Symmetry_2
W Results

'3 J \\-! f\ ? g E

J\ ALTAIR
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CREATING INFINITE BOX

File View Solutions Sketch Geometry Mesh 0 Advanced Inspect Automation

QLB 8 LA u

v v v
Files Measure Move Material Edit Solution  Coordinate Symmetry Periodicity Infinite Box Magnet Non-Meshed Im| Sheet Motion Thin Region  Temperature
Coil Current Coil Lamination
Home Property Magnetostatic Loads

* Create an infinite box

+ Keeping the default values

m“ Create Infinite Box  (2i2iiiiiiiziizziiin X
. Block
1-2 . In [Ana!ygls] menu R e
Click on [Infinite Box] button Corter

X 0 mm

3 In the Create Infinite Box window: Y: 7.625 mm
Click on the [OK] button i omn

X 28.5 mm

Y 112.05 mm

z 84 mm

Intemal air box mesh parameters :
© MNumber of elements

X 5| Y 20| 2 15

Mesh size
5.6 mm

Mumber of elements in extemnal air box layer
3

/\ ALTAIR
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CREATING INFINITE BOX

32

* The infinite box is created and meshed:

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

To the left of the graphic window:

in the Assembly Browser in the Solution Browser
1st tab Assembly: 2nd tab Solutions:
Assembly Browser Q X Solution Browser
Name (3 0‘7 Material Name ©
v & Assembly v ‘N: Solutions
v ﬂ. LinearActuator1_SM.gda ~ % Magnetostatic
&) Infinite_Region1_Outer ] L Type - Magnetostatics
@) infinite_Region1_Inner [ & Mesh
- Support_1 . ‘ A4 u Settings
- Cail_1 ‘ é Solver Settings
- Mobile_1 . ‘ 9 Result Reguest
~ i LinearActuator.xmt_tet 5 Format and Execute Options.
& Support_T1 - ) v {2 Loads and Constraints
& Coil_1 [~ 0 symmetry_2
& Mobile_1 - ) @ infinite_Region1
&) Results

5] & @ @ = s [l @ @ =5

2\ ALTAIR



HIDING INFINITE BOX

* Hide the infinite box

Solution Browser x

mm Name (S

5 5 q v YL Solutions
To the left of the graphic window, in -

1 the Solution Browser: M ::'I"*’T“e“’f‘:“c o
Select the 2nd tab Solutions @ M‘;':: 9
2 Select [Infinite_ Region1] v {# setings
- é Solver Settings
Right-click and select the 3 Result Request
3 [Hide Entities] contextual & Format and Bxecute Options
menu A4 D Loads and Constraints

Symmetry_2

Infinite_Region1
&) Results

33
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CREATING MATERIAL

» Create a soft magnetic material

34

with a non-linear B(H) curve

1

N

In [Analysis] menu
Click on [Material] = [Create] button

In the Create Material window:
In the Name field, enter softMaterial 1010 XC10 RO

In the Create Material window:
In the Type field, select [Soft Magnetic]

In the Create Material window:
In the BH model field, select [Analytic]

In the Create Material window:
In the Relative permeability pr field, enter 2000

In the Create Material window:
Set the Saturation at True
and In the Saturation magnetization field, enter 1.9 T

In the Create Material window:
Set the Knee adjustment at True
and in the Knee adjustment coefficient field, enter 0. 9

L_Lipe
4 BH model

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

File View Solutions Sketch Geometry Mesh Res.u\ls Advanced  Inspect  Automation

@ /%“t ﬂ “Q'gﬁl‘

@@ &7

(s

Files Measure Move Material
Home Property
Solution Browser X
Name (S @
v %1 solutions
~v % Magnetostatic Creste
L Type - Magnetostatics
ErEBIEREE] 388355555555588383853585555585538383535355555588538 S () £
I Name SoftMaterial_1010_XC10_RO V(
Material ID 1
Category  Solid hd
Class Metal v
Model Isotropic v
Name Value Table

> Electrical Properties
v Magnetic Properties

Soft Magnetic__ v

v

Relative permeability pr

Analytical
2000

i Saturation
Saturation magnetic polarization Js 1900 mIT|

True

Knee adjustment
Knee adjusting coefficient a

Iron loss computation A4
Thermal dependence False
Description:
Apply OK Cancel

@Sﬂ\ul\on Coordinate Symmetry Periodicity It

B By

Built-in DB AMDC Material
Calibration

J\ ALTAIR
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CREATING MATERIAL

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

» The soft magnetic material "SoftMaterial_1010_XC10_RO® has been created:

To the left of the graphic window, in the Property Browser, 5th tab Property:

Property Browser

Name
= @ Materials
= % Sold
@ Aluminium

@ Cast Iron

=

¥ SoftMaterial_1010_XC10_RO

@ Steel
= ¥ Auid
@ Pir
@ Water
@ Multiphase
g Polymer
@ nanoFluidx
E Properties
E8 Tables

J\ ALTAIR
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ASSIGNING MATERIAL

 Assign the created soft magnetic material

to the Mobile 1 and Support_1 bodies

Select the Mobile 1 body and
the Support 1 body

Right-click in the graphic
2 window and select the

1

[Material] contextual menu Hide H
Isolate |
Redisplay Body
3 . Select Hm:l: Model
[SoftMaterial_1010_XC10_RO] _ o Reset Vods!
h‘\_‘; iy Delete
i& $§‘l‘&\‘m Select Features
N ) é‘l’é&\\ Select Adjacent >
: b

7 < Note: On the left side of the graphic
window, there is the graphic selection

ATV Vo W e |

-
&

Create New Material

AT
¥

Create » Air

Ch 0 i Ce . Edit Associated ¥ Aluminium
In order to select a body graphically, Sckotfewcaed  »| Satbn
SoftMaterial_1010_%C10_RO

Remove From »

the Body icon &7 must be selected.

Details

Marma I

36 J\ ALTAIR




ASSIGNING MATERIAL

* The material is assigned to the 2 bodies

Name

Assembly Browser @

= G Assembly

=) @ LinearActuator!_SM.gda
Lj Infinite_Region1_Outer

To the left of the graphic window, in
1 the Assembly Browser:

Select the 1st tab Assembly

Right-click on the [Name]
2 .
column title bar
Check the [Material] box
4 Click on the [OK] button

BQ)

37

’k_ﬁ Infintte_Region1_lnner
‘ Support_1

[= Ko

&P Mobile_1

b LinearActuator xmt_tet

@ Support_1
& coi_1

& Mobile_1

(Ql
Q

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Q X Assembly Browser q x
Name Material
"y 5 8
Property & = f\ﬁv LinearActuator1_SM gda
Property E_F Infinite_Region1_Outer
;r:::g;g:mm E«_F Infinite_Region1_lnner
Mesh Type ‘ Support_1 SoftMaterial_1010_XC10_RO
Mesh Size ' Coil_1
@ &P Mobie_1 ScftMaterial_1010_XC10_RO
Heat Sou 2 @& LinearActuator xmt_txt
Quality Spec _6 Support_1
Quality Status
Emissivity ‘c Cail_1
¥ & Mobils_1
Aorly 4 )
N
> L) »
2 -
CAVEE R NAE VAT Sal AV 4 B

% Note: If needed, it is possible to modify the material assigned
to a body, by clicking in the tree, in front of the body (of the.gda
model) and selecting the material you want to assign to this body.

J\ ALTAIR
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CREATING COIL CONDUCTOR

File View Solutions Sketch Geometry Mesh 0 Advanced Inspect Automation

S N * S S @ G v
: glo I , L o = A
v v v
Files Measure Move Material Edit Solution  Coordinate Symmetry Periodicity Infinite Box Magnet Non-Meshed Imposed Sheet Motion Thin Region ~ Temperature
Coil Current Coil Lamination
Home Property Magnetostatic Loads
o .
Create the coil conductor T RS
Name Imposed_Current_Coil_4
Select body Coil_1
Number of turns. 100
Conductors connection | All in series v
In [Analysis] menu Current orientation External terminals hd
. . Input terminal faces
1 Click on [Imposed Current Coil] Output termmal focce
button
Apply OK Cancel

N

Click on the [Coil Conductor] button
3 Select the Coil_1 body

38
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CREATING COIL CONDUCTOR

* Create the coil conductor

* 100 turns, 6 A

In the Coil Conductor window:

1 In the Number of turns field,
enter 100
In the Coil Conductor window:
2 In the Current Value field, enter
6000 mA

In the Coil Conductor window:
3 In the Conductors connection
field, select [All in series]

In the Coil Conductor window:
4 In the Current orientation field,
select [External terminals]

39

Imposed Current Coll

Name

Select body

Number of turns
Current Value
Conductors connection

Current orientation

Input terminal faces

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

100 Q

H i w I ) I
Imposed_Current_Coil_4
Cail_1
@ 6000 mA |
|Allin series

|External terminals

Output terminal faces

Apply OK

Cancel
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CREATING COIL CONDUCTOR

Imposed Current Coil :2:ziziiiiiiiiiiiniiiiiill 9 @ X
Name Imposed_Current_Coil_4
. Select body Coil_1
 Create the coil conductor
Current Value 6000 mA

* Input and output terminal faces s Ansnes :

Current orientation External terminals hd
Input terminal faces

Output terminal faces

In the Coil Conductor window:

1 CIle In the Input terminal Apply OK Cancel Imposed Current Coll  Z::iiiiiiiiiiiiiiiiiiiiii D@ X
. Name Imposed_Current_Coil_4
faces field
Number of turns 100
2 Select the input face Current Value 6000 ma
Conductors connection  |All in series v
In the COII Conductor W,ndow- Current orientation External terminals v

Input terminal faces | 588

3 Click in the Output terminal Cutput tormine fnces @
faces field

4 Select the Output face Imposed Current Coil :::iziiiiiiiiiiiiiiiiiiii Q@ X L ax Cars
Name Imposed_Current_Coil_4
5 In the Coil Conductor window: Setect body CoiL1
. Number of turns 100
Click on the [OK] button 000
Conductors connection | All in series ~
Current orientation External terminals v

Input terminal faces 588

Output terminal faces |581

40
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CREATING COIL CONDUCTOR

* The coil conductor has been created

To the left of the graphic window, in the Solution Browser, 2nd tab Solutions:

Solution Browser X

Name ['S
v YL solutions
v % Magnetostatic
YL Type : Magnetostatics
‘ﬁr Mesh
v @ Settings
é Solver Settings
‘;} Result Request
Eﬁ. Format and Execute Options
v D Loads and Constraints
a Symmetry 2
6 Infinite_Region
@ Imposed_Current_Coil_4
) Resulis

& R ¢ /9 /F

% Note: There is no magnet in this device, so there is no need to use the [Magnet Orientation] button.
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CREATING MOTION

File View Solutions Sketch Geometry Mesh 0 Advanced Inspect Automation

QLD 8. DG S 0R G

v v v
Files Measure Move Material Edit Solution  Coordinate Symmetry Periodicity Infinite Box Magnet Non-Meshed Imposed Sheet
Coil Current Coil Lamination
Home Property Magnetostatic Loads

* Create a motion

* Translation

Define Motion ::iiIiiiiiiiiiiiiiiiiiii X
Name Motion_5

Select bodies | Mobile_1

1 In [AnaIySiS] menu Muttistatic Motion Ty
Click on [Motion] button

— A
2 Click on the [Motion] button [ e Posfy recin @ SN
Air type Immersion in the air »

Select the moving body:

L
11
B
€14
L]
]

L
a5

3 . Apply Ok Cancel 2 '
Mobile_1 ‘g’g A
o Tl
In the Define Motion window: E‘i‘é"‘« = TR
4 For the Multistatic Motion 55
a e
Type, select [Translation] %%
ke =
In the Define Motion window: !"&\'\ ‘ég
5 Click on the [Define/Modify §§
. . il
42 Direction] button o
i
.

’.'ﬁ
L
G

i

=0

Motion

Thin Region  Temperature
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CREATING MOTION

» Create a motion <
~
. " .
~
« Along Y axis .
.
Select: Define Motion Z:iiiiiiiiiiiziiiiiiiii X
y In the Define Direction window: Face nomal X aiis . ::::b e Motion_5
a Straight —QY axis| odies | Mobile_
SeIeCt [Y aXIS] 2 verttices Z axis Multistatic Metion Type =

Tomree ] © Translation ‘?‘:ﬁ ;

2 In the Define Direction window: v Retation Ses

H LE 7 (1]
Click on the [OK] button X T — 4&%“3 By
Y 1mm Air type _\mmarswon in the air + “‘%‘ i %g
In the Define Motion window: z Qmm m‘* sg

. X o o
3 In the Air type field, select @ — i . 52"*;3@_5?

.. . R

[Immersion in the air] 0 g%\‘;;ag

i
=

7=
P
)

S,
W
f;«v
S
LT
27

In the Define Motion window:

Click on the [OK] button

8y
i
Fod
Lk
s
=
Lk

oy,
STy

r‘\\-‘

WAWAYS

ATAWAVATAY

~
avaYil

L
VAVAY

£
£
Y v,

A,

S
T

# Note: It is possible to change the movement direction by checking the [Reverse axis] box.
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CREATING MOTION

* The motion has been created:

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

To the left of the graphic window, in the Solution Browser, 2nd tab Solutions:

44

Solution Browser

Name e
w \‘_l_ Solutions
v % Magnetostatic
%L Type : Magnetostatics
'ﬁ Mesh
w b Settings
é Solver Settings
g Result Request
[2.5 Format and Execute Options
b’ EJ Loads and Constraints
n Symmetry_2
G Infinite_Region1
@ Imposed_Current_Coil_4
@ Motion_5
W) Results

&[] R & @ &

*
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I1.4 SOLVING PROCESS
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PARAMETERIZING SOLVING PROCESS

« Edit Solution

* Multivalues: from 1 mm to 5 mm by step of 1 mm

mm Solution ioiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii@ X

1 In Solution Browser Name Magnetostatic
Double click on [Magnetostatic] solution Solver Flux

In the Solution window: Solution type Magnetostatics
2 In the Control Type f|e|d’ select Select Mesh Bodies |_Region1_Inner,Support_1,Coil_1.Mobile_1

[Multivalues]

Domain Parameters:

3 In the Solution window: Domain 3D
In the Lower limit field, enter 1 mm Depth of domain 130 mm
4 In the Solution window: Motion parameters:
In the Higher limit field, enter 5 mm Control Type @ v
5 In the Solution window: L{_mer ”@_
In the Step value field, enter 1 mm Higher limit
Step value
6 In the Solution window:

Click on the [OK] button
| ok || cace

46 J\ ALTAIR



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

RESULT REQUEST

* The Result Request allows you to choose the global quantities to be computed during the solving
process in order to postprocess these selected global quantities.

* By default, all possible quantities are selected.

« The Result Request is created directly after creating the EM solution and the user can deselect
quantities.

REINARIEINESE  FRFRRRRRRAARERFARAAARAAARAPAARRARAAARAASARAARARARaARAR RS () 2.
Optional steps Neme value
. Solution Browser X v Motion Results
(lf you do not want to compute all global  Position
titi ) Name [ 4] - Electromagnetic Force
e — 3 9L sos ot o v
. = % Hectro magnetics Flux

step ACtIOﬂ & Mesh Energy True

'55!, Type : Magnetostatics Lorentz Force True

v Others
Energy (all bodies)

To the left of the graphic window, in
1 the Solution Browser:

Select the 2nd tab Solutions

False

) Symmetry_2
> Double-click on [Result gglit:;::j:::id
Request] o e
3 In the Result Request wind0|./v:' 7
Uncheck unwanted quantities Descripton:
4 Click on the [OK] button

a7 s 1) @ @ s 4= = A ALTAIR
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SAVING DATABASE

« Save the project “Ready To Solve”

1 Click on File > Save as
Save the project
2 3D_MS_LinearActuator_rts.slb in

...\3D_MS_LinearActuator\3D_MS_LinearActuator_StepByStep\Output\
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RUNNING SOLVING PROCESS

* Run the solving process

m“ P :

Name
In Solution Browser v $L Solutons
i i v & Magnetostatic
1 Right click on Results node and select $1 Type - Magnetostaics
Update @ Mesh
- ﬁ Settings

ﬁ Solver Settings

% Result Request

% Format and Execute Options
~ ' Loads and Constraints

a Symmetry_2

a Infinite_Region1

@. Imposed_Curent_Coil_4

&G Mation_5
 Result
QiRestts I iate
Update (Remote Solve)
Response >

User defined Response

= Note: &R & @ L

The solving process takes about 2 min depending on the computer on which it is run.
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RUNNING SOLVING PROCESS

« The solvmg process is Completed To the left of the graphic window:
in the Assembly Browser in the Solution Browser
Simulation: LINPOS_MOTION_& = 0.005 = 1St tab Assembly: 2nd tab SOIUtions;
Componert: B ~ et - Assembly Browser B R :
lot - Lontour

Max = 1133.5mIT, Min = 0.0mIT 1004 m"] Hetore tome e

927.4 mIT = %L Solutions

8243 miT— i =l % Hectro magnetics

7213 miT— & coa @ Mesh

6183 miT —— ﬂ INFINITE_REGION1_QOUTER YL Type : Magnetostatics

515.2 miT — &P sUPPORT_1 = $L Settings

4122 miT — & MOBILE_1 B Result Request

309.1 miT _— 3 @ LinearActustor = Y Loads and Constraints

206.1 miT

u Symmetry_2
@ Infinite_Region1
@ Coil_Conductor_4

1030 mn]
0.0 miT SoftMaterial_1010_XC10_RO

SoftMaterial_1010_XC10_RO

Sl &/ @/ @/ L & <+ |&NL)V KNG @/ NL/ &>
% Notes:
W Resuts means that the solving process is completed
(0 Results means that the solving process is in progress
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SAVING DATABASE

» Save the “Solved” database

1 Click on File > Save as
Save the project
2 3D_MS_LinearActuator_solved.slb in

...\3D_MS_LinearActuator\3D_MS_LinearActuator_StepByStep\Output\
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1.5 RESULT ANALYSIS
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POST PROCESSING

« & Note: Flux is being migrated to SimLab. For now, in SimLab, there are only a few post-
processing features. Until we have the equivalent of what we have in Flux in SimLab, there is still

the possibility to analyze the results in Flux with a contextual menu in SimLab that allows to open
directly the solved project in Flux.

Solution Browser

Name ©
3§ Solutions e R R
= TR EN Y A HamBLL
=l % Hectro magnetics S LT TTY TIOT T LR | L T EPEY LR I T T LT L T
f,ﬁ' Mesh
3\.'; Type : Magnetostatics
=] 3\.'; Settings

% Result Request
= %™ Loads and Constraints
0 Symmetry_2
ﬁ Infinite_Region1
@ Coil_Conductor_4

Altair Flux”

i

iew Solver Log 2022
View 20 Plot o

&\ ALTAIR

1883 - 2022 Altalr Engineering Inc. All rights reserved,

Open Results Folder

§ P e s pie scase

Update

Update (Remote Solve)

Bel1) @@ s J\ ALTAIR



POST PROCESSING

54

* In SimLab, hide the infinite box body and the coil body

To the left of the graphic window, in
1 the Assembly Browser:

Select the 1st tab Assembly

5 Click on the icon & in front of

INFINITE_REGION1_OUTER

3 Click on the icon & in front of
COIL_1

Assembly Browser
Name Material
= @ Assembly ;
electro_magnetics
OIL_1
NFINITE_REGION1_OUTER
SUPPORT_1
EJ MoBILE_1

= @v LinearActuator1_SM ada
‘ Infinite_Region1_Outer
' Infinite_Region1_Inner

‘ Support_1 SoftMaterial_1010_xC10_RO

EP Coi_1

EP Mobile_1 SoftMaterial_1010_XC10_RO

= & Linearfctuator xmt_txt
6 Support_1
& Coi_1
& WMobie_1

21 & 2 & 7 o

¥

¥

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.
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POST PROCESSING

« Display magnetic flux density isovalues at 5 positions

* 5mm,4 mm, 3mm, 2 mmand 1 mm

In the Simulation field, select
LINPOS_MOTION_5=0.004

—_—

> In the Simulation field, select
LINPOS_MOTION_5=0.003

3 In the Simulation field, select
LINPOS_MOTION_5=0.002

4 In the Simulation field, select
LINPOS_MOTION_5=0.001

55

* Simulation: LINPOS_MOTION 5-0005 v =
. Component: B v Resuttart

© Max =11335mT, Min =0.0miT

11341 miT
wnanr i
927.5 miT-

824.8 miT—
7217 miT—

6186 miT-
o155 m..]
4124 miT-

3003 miT.

206.2 miT.
103.1 miT.
0.0 miT.

* Smulation

 Max - 1127.6miT, M - 0.0miT

1147.0 miT
10427 mn]
9385 miT-
8342 miT—
729.9 miT—
625.6 miT-
5214 mll]
417.1 miT.

3128 miT.

2085 miT.
1043 miT.
0.0 miT.

: Simulation:

1133.5 miT
10304 mn]
927.4 miT
8243 miT—
7213 mit—
6183 miT
515.2 mn]
4122 miT

309.1 miT

206.1 miT.
103.0 miT.
0.0 miT

© Component: B v Resutart v
£ Plot: Contour .
3 Max = 11341 miT, Min = 0.0miT

1137.6 miT
wsar
9308 miT:

827.4 miT—
7280 miT—

6205 miT:
s171 mn]
4137 miT

3103 miT.

206.8 miT.
103.4 miT.
0.0 miT.

J\ ALTAIR
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11341 miT
wnonr
927.9 miT

824.8 miT—
7217 mit—

618.6 miT
siss mn]
4124 miT

309.3 miT
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103.1 miT
0.0 miT



POST PROCESSING

» Display magnetic flux density arrows at 1 mm

=@

1 In the Plot field, select [Vector]

56
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1147.0 miT
1042.7 miT
938.5 miT
8342 miT—
729.9 miT
625.6 miT
521.4 miT
417.1 miT
3128 miT
208.5 miT
104.3 miT
0.0 miT
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I OS I I ROCESSING Fle View Solutions Skeich Geometry Mesh Analysis Results Advanced Inspect  Automation

L EBDLOF F -

° C u rve Of th e m a g n et i C fl U X aS a fu n Cti O n Files Measure Maove Plot Node Path Iso Surface Global Query result Compare Results Create Scene

Response
of the pOSition Home _@ Results w Compare Report
m“ (FzEimEE  BE8RREABARAABEAARABARAABERAAGABARAABEAARAEAEAREE
Define Curve

Solution/Data file Magnetostatic v B

1 In ReSU'tS nbbon PlotWindow liiIiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiniiiiniiiiIiniiiiiiniininnininniiiniiiiiiiniin @M
Q Curve Type:
click on Plot = e
Position vs Result Componert
) Select X- Axis oty vs st Conponnt . FLUX (Wb) Vs LINPOS_MOTION_5 (m)
Result Component vs Result Component ——8—— FLUX__IMFOSED_CURRENT_COIL_4 (Wh){Cutput)(Magnetostatic)
LINPOS_MOTION_5
K-Ais:
in Coil Conductor>IMPOSED_CURRENT_COIL_4 = Daa Tyoe =

| [ LINPOS_MOTION_S fm)

S

select Y-Axis :
FLUX_ _IMPOSED_CURRENT_COIL

w
:

Y-Auis: =
4 (Wb) __O Define result z
— >< 0.00381
(3) 4+ =t P Coil Conductor & IMPOSED_CURRENT_COIL_4| =
I
q O FLUXTMPOSED CURRENT COIL_ 4 {ib)
4 Click on Create Curves ~ sommol
0.00375
Define expression
Na‘!‘e.- 00 B0 o.0d167 0.00 000300 0.0d27 o.0dazs 000500
el : ) ) LINPOS_MOTION_S (m) '

{Create Piot || Add Curve
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I OS I I ROCESSING Fle View Solutions Skeich Geometry Mesh Analysis Results Advanced Inspect  Automation

aty , ‘@ ,___;) ~ -gl_‘-lﬁ |_E_ — _; —
| LD LIOF # 4
¢ Curve Of the magnetlc fo rce On the Files Measure Mave Flat Node Path lso Surface Global Guery resuft Compare Results Create Scene
. . g Response
mobile as a function of the position Hore @ Resuls v Compare | Repor

m“ e
Define Curve:

- PlotWindow 11iiiiiiiiiiiiiii i X
1 In Results rIben Solution/Data file Magnetostatic = Vo
CI iCk On PIOt CUNSTE;iM vs Global Quantities Flot 1
Posttion vs Result Component ELFORC_MOT'ON_S (N) Vs LlNPOS_MOTlON_5 (m)
2 Select X' AXis Entity vs Result Componert s ——8—— ELFORG_MOTION_S {N}{Outpuf){Msgnetostatic)
Result Component vs Result Component
LINPOS_MOTION_5 B
in Motion > MOTION_5 I = Data Type @
. ' LINPOS_MOTION_5 {m) =
3 select Y-Axis : ="
ELFORC_MOTION_5 (N) o
.S B 5 Q o125
ine resul 1
4 Click on Create Curves - =Type b Resuts Component b Mation b MOTION_5 §
~ ELFORC_MOTION_5 (N} E 1500

LINEAR_POSITION__MOTION_5 (m)
ELECMAG_FORCE__MOTION_S (N)

MECHANICAL_POWER__MOTION_S (W) i

Define expression
s 0.00100 0.00167 0.

Definition:

0.00200 0.00287 0.00433 D
LINPOS_MOTION_5 (m)

Create Plot Add Curve
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POST P ROC ESS I N G Fle View Solttions Skeich Geometry Mesh Analysis ﬁ Advanced  Inspect  Automation
- G SHE Y e =g =
* Curve of the magnetic force on the mobile as a @ E gfé@ @ @ \& @ l &

H H Files Measure Maove Plot Node Path Iso Surface Global Query resutt Compare Results Create Scene
function of the position

Response
Home Results w Compare Report
Create Curve ©0iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiX
Define Curve:
., S & Moot | & IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I &
In the 2D Plot window: Flotindow .
1 . Curve Type: Wiews
Click on the [Clear Plot] button © Foston vs Globa Guares —
Position vs Result Component
In the 2D Plot window: Entty vs Resul Componert o ELFORC_MOTION_5 (N) Vs LINPOS_MOTION_5 (m)
2 I th C t ’ I. k Result Component vs Result Component . ——8—— ELFORG_MOTION_E {N){Output){Magnatostatic)
n the component zone, ClIC
K-uis:
on [ELFORC_MOTION_5 (N)] - asme
q ~ LINPOS_MOTION_% {m)
In the 2D Plot window: Z porol
3 Click on the [Show Plot] . =
fis: 5
bUtton O Define resut S srms
4 + EType » Results Component » Mation » MOTION_5 il
./ {ELFORC_MOTION_% (N) i %
LINEAR_POSITION. MOTION, 5 fm) o o
ELECMAG_FORCE__MOTION_5 (N)
MECHANICAL_POWER__MOTION_5 {W)
01875
Define expression
MName o | | | |
P 6.00100 0.00167 00028 LINPDS_?AOS%N_S ™ 0.00433 0.00500
Create Plot Add Curve
59
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SAVING DATABASE

« Save the “Results” database

1 Click on File > Save as
Save the project
2 3D_MS_LinearActuator_results.slb in

...\3D_MS_LinearActuator\3D_MS_LinearActuator_StepByStep\Output\
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lll. CONCLUSION
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CONCLUSION

 Altair Simulation Products provide a convenient analysis process for linear actuator.
* Flux is used as the solver for electromagnetic problems.

« SimLab is used for modeling the device.
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